
Hypothermia in the Surgical Treatment 
of Aortic Aneurysms (**) 

During recent years the treatment of aortic aneurysms by sur- 
gical excision has been established as the method of choice wherevei- 
conditions permit its satisfactory application ( I ,  j, io). Hoyever: a 
iiiiinber of factors primarily concerned with the nature and location 
of the lesion determines the operative method to be employed. In gene- 
ral. two types of procedures may be used for this purpose depending 
upon whether the aneurysm is fusiform or sacciform in type. I n  the 
treatment of sacciform lesions. for example, the procedure consists i n  
tangential excision with repair by lateral aortorrhaphy. This is acconi- 
plished 1 x 7  isolating and clamping the neck of the aneurysm with a 
large minimal trauma clamp, excising the sac and repairing the wall 
of the aorta with multiple mattress sutures. This method is particu- 
h r lv  well suited to  syphilitic aneurysms of the ascending thoracic aorta 
and aortic arch. In  these cases the aortic wall adjacent to the neck of 
the aneurysm is usually of leathery consistency and holds sutures well. 
F’urthermore tangential clamping of the aneurysm does not interrupt 
cii-culation through the aorta itself. a factor of considerable importance 
n this high level. 

For fusiform aneurvsms in1 ol\.ing the entire aortic circumference 
temporarv cross clamping of the aorta is necessary in order to excise 
the lesion and replace the diseased segment of aorta with an aortic 
homograft or plastic prosthesis. During the period of occlusion ische- 
inic damage to tissues located distally may occur and prevent a success- 
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! i i !  ou tcome.  T h e  lei cl ancl ctrimtion o f  occlusion anti length of thc 
s c p c n r  t i )  I)c excised arc inipoi-taiit factors infltiencing the success of 
this  method o f  treatincnt. T ~ L I S .  in our experience with 140 consecu- 
Til-e rases of nneurysms of  rhe plxioininal aorta in which ilie aort;i 
\\-as c1ainp.d l ~ e l o ~ v  the level of  t he  I-enal arteries for n s  long as 
126 minutes there has not been a single instance of serious ischemic 

cffcci upon :issues lieloiv the point of occlusion. Ab:>ve this lewl thc 
tissue most vulnerable to  periods of temporary ischemia is the central 
nervous s ~ ~ s t e n i .  Hascd iipon our  experience with abdominal and t l i ~  k~ 

racic aneurysms damage to other organs has not occurred following 
occlusion distal to the left common carotid artery. On the other hand. 
occlusion of the descending thoracic aorta at this le\-el for  20 to 30 
niiniites will produce significant and often fatal spinal c(11 d damage 
in n high percentage of cases. l 'hus in the removal of lesions involving 
the distal aortic arch and proximal descending aorta the prex-ention of 
this complication constitutes the principal problem. 

T o  oi.ercome this difficulty ;I numhcr of approaches mnv be used 
including the iise of teinporai-y shunts around the escluded segment 
of aorta. general body hypothermia. and certain steps in the operation 
designed to minimize the period of circulatory occlusion. TVe have 
employed all of these methods aiid 1ieliei.e that each is of r-ita1 import. 
aiice. This presentation. however. is concerncd primarily with a consi- 
deration of the usefulness of hypothermia in the surgical treatment 
of aortic aneurysms. 

A t  reduced body temperature oxygen demand of the tissues may 
1): significantly diminished (3 ,  4). Experimental studies h a w  deinon- 
strated that hypothermia provides a definite protective influence upon 
rhe spinal cord during periods of high aortic occlusion (2.1 I ) .  Thus,  
in our own experiments there was ;I striking reduction in the incidence 
of paraplegia after 60 minute periods of thoracic aortic occlusion just 
distal to the left siiliclavian arte1-v. l;or example. 6,- per cent of nor- 
mo t h ern1 ic ani ma 1 s . 1 I u t none ( ) f t 11 e 11 yj  )o t he rim i c ;in i m a1 s , ti e ve loped 
paraplegia ( I  I ). These obseri.ations hat e been confirmed by o ~ i r  clini- 
ca! expel-ience. Among j cases of aortic aneurvsm which involved the 
proximal descending thoracic aorta where the operation consisting of 
excision with homograft replacement was performed at normal bodv 
temperature. :l:ere were 3 survivors and all had manifestations of' 
spinal cord injury although the symptoms were transient. hloreorcr. 
ii: one of the patients who died soon after operation there  vas evidence 
;IC autopsy of ischemic necrosis of the spinal cord. Thus spinal cord 
damage occurred in 4 of the .j cases operated upon at  normothermic 
levels (Table I). O n  the other hand, among 10 patients who underwent 



Date of 
Ope rat ion 

Period of 
Occlusion 

Locat ion 
and Technic Result Case Etiology 

I 

0. J. 
50 d C. 

2. 

T M. 
58 d W. 

Tra nsi e n t 
para pleg i a Syphilis 48 min. 6-1 1-53 

11-9-53 
Died -12 hrs. 

later 
Shock? 

Syphilis 77 min. 

3. 

M.W. 
48 d C. D l ied - 30 mi n 

later 
ieart failure 

88 rnin. Sy p hi I is 

lissectian 

11-23-54 

1-11-55 

4. 

M. F: 
40? W. 

Transient 
larest hesias 

34 rnin 

5 .  

M. H. 
289 W 

Partial 
paraplegia 

rraurnat ic  1-21-55 41 rnin 

TABLE I. 
Patients undergomg excision of aileurysms of proximal descending thoracic  aorta 

without hypothermia 

mities before death. In 4 patients in whom the  aiieurvsiii was located 
in the terminal thoracic aorta operaiion \vas performed under normo- 
thermic conditions and in none tvei-c neurologic secl~tcl;ic encountered 
(Table I11 1. F r o m  this csperience it  appears that  hypothermia pro\-itles 
significant protection to the spinal cord during temporary occlusioii 



o! rlic 1)roxini:iI thoracic ~ U I U  and that 1iplwtIierini:t m a y  I l o t  I I C  
i i c c c s s : ~ ~ ~ ~  in instxiices of tcinporai-y occlusion of the terminal thoracic 
AOl't ;1. 

I-'Lisiform aneurysms which involve the ascending and proximal 

Case 

I. 

D. J. 
18?W 

? .  

M. M. 
31 d N  

3. 

J. B. 
66 d C. 

4. 

F. v. 
52 d W. 

5. 

I? M. 
58 dW. 

Etiology 

hngenita I 

Traumatic 

Syphilis 

Syp hi I is 

Dissect ion 

Date of 
lperation 

I -  1-54 

2- 5 -54 

3-4-54 

7- 5 -54 

7- 7-54 

Resu I t Period of Location 
Occlusion and Technic 

Septicemia 

I U  U I  

TABLE I1 
Patients  undergoiiig excision of a1ieurysms of proximal descending thoracic aort.1 

with hypothernia. 

1)ortioii of the  aortic arch provide :in even more difficult prohlem. 
Obviouslu clamping the ascending aorta would he iiistantly f a t a l  unless 
the strain on the  left \,cntricle wcre I-eliei-ecl l )y  1ne:iiis o f  a shunt t o  
cond tict the f low of 1)lood around the occliided point. If both thc pro- 
\inial and distal portions of the aortic arch arc occl~id:.d. ;in extrat'ascii- 



1x1. sliuiit froin the  ascending to tlesccntling thoracic :iort:i Inight 1)r(1- 
\-idc x l e q ~ i a t e  circulation to the  spinal corcl : ~ n t l  Io\\.c~. p 1 . t  of thc 
1)ody. Prevention of cerebral damage under such circLi1nst;trlces could 
then be achieved by placing additional shunts into the carotid vessels. 

Case 
D. 

A.M. 
63 9 C. 

I 

G. C. 
43d w. 

I 

w. c. 
46dW 

C. B. 
55 dw. 

Etiology 

Syphilis 

Syphilis 

Dissect ion 

Syp hi I is 

Arterio- 
;cle ro t i c 

Date of 
Operation 

7-  29-54 

10-1 1-54 

11-23-54 

~~ 

4-8-55 

6- 28-55 

Period of 
Occ I usion 

31 min. 

65 min. 

65 min. 

35 min. 

40min. 

Location 
and Technic Result 

Recovered 

Recovered 

Died- I8 hr s. 
later 

Vent r ic u I a r 
f ibr i  Ilation 

~~ ~ 

Recovered 

Died-3days 
later 

Cardiac 
fa i lure 

Cerebral tissue is much more sensitive to ischemic damage than is the 
spinal cord and irreparable damage may  occur within four  to  six 
minutes of circulatorv arrest. With general hylx)thermia. howcver. this 
period of temporary arrest of circulation to  t he  brain may 1)e increased. 
This is indicated hy  our experiments lipon animals \vir11 coinplctc tem- 
porary interruption of cerebral flow for periods of onc hour .  ‘Thus. 



E. M. 
509 c, 

i I 3 

Syphilis I I- 19-53 

G'B. 
57 dC. 

$ I 

Syphilis 8- 9 -  5 4  

G.W. 1 Syphilis 1 10-21-54 63 d C. 

Periodof 1 Location 
Occlusion and Technic 

~ 

Result 

Recovered 

Recovered 

Recovered 

Died - 8 days 
later 

Hemorrhage 

TABLE I11 
Pat ien ts  undergoing excisloll of nlleurgsms of lower desceiidiiig thor;ic!c aorta  

without hypothermia 

\\-e 1iai.e used combined genei-a1 1)ody liyiotherniia ;ind exteriial s h u n ~ s  
i I i  one casc of aneurvsin in \  olving the  entire aortic arch ( 7 )  (Fig. I 1 .  
L'nfortunately. a throtnbus formed in one of the carotid shunts during 
icplacemeiir oi the  arch with a I'oly\inyl sponge (1v;ilon) prosthesis and 
c.c.rebra1 dain.ige occurred which le:l to the patient's death cine week 
];iter. Nevertheless. tlic p t i e n t  toier;itrd ciainping of the ascendins 
:ton1 f u r  .jj minutes. Although hvpothermia inav not have heen vital 
i i i  this caw i t  proh;:! >lv limited the extent of cerebral damage t h a t  
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rcsulted from the period of temporary carotid occl usicin. 1)iiring tlic 
periotl ivhilc the proximal aoi-ta II.:IY occlridcd ;ind the shunt \I :is deli- 
\ ering hlood to tlic descending thoracic aorta. tlic svstolic hlooti pres- 
s l i r e  in the legs di-opl)ed only i o  111111. Hg. and thc pulses \r.erc easily 
palpable. This case illustrates the advantage of combining the J.arious 
i!iethocts of preventing central nervous systcm cixmagc during operation 
on the upper reaches of the aorta. 

t h e  

FIG. 
Drawing showiiig method of resection 
use 01 temporary by-pass s h u n t s .  

1. 
of ent i re  aortic a rch  for aneurysm with 

- I h e  optitxiim hypothermic le\ el f o r  such  operati1.c procedures has 
n o t  Iieen established hut f o r  most cases a rec td  remperature betwxli  
hS-92 degrees seems to  be satisfactory. 1 hese levels of hyothern i in  may 
1): readilv otxained bv means o f  a refrigerating blanket or ice water 
alcohol baths. General anesthesia is first induced with intravenous bar- 
biturates following which one or two intravenous injections of Chlor- 
1)romazine 2.; m g  each are macle to promote smooth induction of hypo- 
rhermia. When  the patient's rectal temperature is 92 degrees F.. the 
hypothermic procedure is discontinued. and t h e  operation is begun. 
I l~ i r ing  the operative procedure the bodv temperature mnv decrease 
another 4 to 8 degrees and remain at  this levcl throughout. After coni- 

,- 
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plction of tlie upcration rewni-ming is nccoinplished in a I-ILibbarcI 
hydrotherapy tank with warm water circulating at  1 i o  degrees E-. antl 
usuallu normal body temperature is rcstored in less than I hour.  

Complications related to the hvpothermic state ha\-e been largely 
eliminated recently by rapid rewarming. Previouslv where rewarming 
\ \as  done over a prolonged period of several hours secondary hemor. 
rhnge was noted in sei.eral patients. b L i t  this ha5 !lot OCCLII'I L ~ 3 1  follon- 
ing the present techniquc. Another patient develo: 1 eritrict.i:ir fibrill, 
ation secondary to a tension pne~irnothoras diirin;: ..radual i ,n.arming 
and although cardiac resuscitation \vas temporarily successful he dieti 
I S  hours after operation. Cardiac i rregiilaritics under hypothermia arc 
r e l a t i ~ d y  frequent and disappear upon return to normothermic levels. 
Ordinarily. however. at  the mild levels of hypothermia employed in 
aortic operations in contrast to those used for open cardiac procedures, 
arrhvthtnias arc not serious. 
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S C l l  . \I  ARIES.  

Ijepencliiig upon rhe  irwl and ezrent of the iesicn. tenipor;iiy occlusion of 
rhr tlcxendiiiy thoracic aoi-tii during resection o f  aneurysms m a y  result in spinal 
c o r d  damaye from ischemia ;i i id paraplegia. In  order IO prevent this complication 
hypotheniiia \ \ a s  iiscd i n  rcn C;IL-C\ \\ ith no  nrurologic sequelae. Among five other 
cases \\ i r i i  aneiirys~ii\ o f  the proximal  descending aorta. manifesrations of cord 
dani;igc occurred in four anti trne \ \ a s  fatal. In one patient the entire aorric arch 
\ v n z  rexcretl and 1-eplacetl u i th a n  I\ alon prosthesis using hypothermia and 
temporary by-pass shunr,. Hypothermia is unnecessary in excisional therapy of 
:ild(iniin:il aneur~snis  a n d  ;ineurvrmc of the rei-minal thoracic aorta. 

* * *  

.Abhlingend vom Gi-ad ~ n t l  Xusniass der Schiidignng kann ein zeitiveiliger 
l ~ e r s c l i i u s ~  der ahsteigendcn I1:ustschlagader \viihrcncl tler Kcsektion eines .Aneu- 
rysnia zu Schiidigungen des Xiickenniarkes cfurch Ischaemie und zlq einer Para- 
plegic fiihrcn. Vni diesc Koniplikationen zii verhindern. \surde die Hypothermie 
i n  i o  Fiillen ohnc ~ieurologisclie Folgen durchgeflihrt. Bei fiinf anderen Fallen 
niit .Aneurysmen tler obcren alxreigenden Aorta kani es in \.ier Fallen zu 
Erscheinungen \-on Riic~eniiiarksschBdigLin~eii, \-on denen eine tiidlich war. Bei 
einem Patienten \vurde der ganze Xortenbogen reseziert und drirch eine Iralon- 
prothcse ersetzt. daliei 11 urtlen Hypothermie untl zeitweilige Shunts angewandt. 
Die Hypothermie ist nicht niitig l x i  der opcrativen Heseitigung abdoniinaler 
.4iicui-ysmen und \on Aneiirysnieii der unreren Hrustschlagader. 

L a  oclusibn pro\ isional d e  la aorta descendente durante las operaciones de 
reaeccibn o (le aneurisnia aortico puede dererniinar. segun el nke l  de la iesi6n. 
irastornos de 121 nikdula espinal cn forma de isquemia o paraplejia. X fin de 
ei-irar estas coniplicacioncs ha sido utilizada la  hipotermia en I 0 de estas opera- 
ciones sin observarse ninguni;~ secuela ncuroltipica. Por el conrrario. en otros cinco 
c a s 0 5  con aneurisnia del se,ynicnto proximal de la aorta descendente. se obser- 
\ a I o n  alteraciones niediilares en cuiitrci de ellos. uno dc  IPS cnales fue seguitlo dc 
i i i~ ie~-re .  En [ i n  paciente se lii,to nna resecci6n entera del arc0 aortico coli renipla- 
zaiiiienio del misnio con  una  pi-otesis tie I\-aIon. acruandose lxijo hipotermin v 
i~clusitin teniporal. Ida 1iiporeimi;i e> innecesaria en 10s trataniienros de excisihn 
de Ius arieurisnias ;ibdumi~ialc. CJ l[ts aneurismas del seynienro distal de la aorta 

, .  r (LJ1-a cIc;I. 

Pcndant la  rCsection d'un :in&\-rvsme. l'occlusion teniporairc de l'aorte tho- 
Iiiciqiie tlesccndanre peut enrrainer. par ischchic. des lesions mi-dullaires d'im- 
I'1irt;iiice cr tl'etentlue \ ari:ible!,. ; I \  ec par:iplCgie. Pour pri-venir cette complication. 
i i o u a  ;I\ (ins. daiis tliz c a s .  op6i-i. n o s  malatics s o u s  hypotherniie : dans aucun 
<;is nc:us n'a\ ons obseri i. de  ~Ccjuelles neurologiqiies. Par contrr. dans j autres 
(;is d';ini.vrrsnie. localisi. ti-& haut sur l'aorte descendante. nous a\ ons eu -1 lksions 
nii.dull;iiIca. ;i\.ec tin c1i.ci.s. Chez i in  malade. noiis avons ri.si.titii. toute l a  crossc 



aortique. c't l ' a \ o n s  rcmp1;tci.e par une prothcse en I n i o n :  l'opkration f u t  faile souc 
hypothermic et en utilisant des court-circuits artc!riel>, 1,'hppothermie est intitilv 
p u r  I'csci~ion des an6vrvsmes aidominnu\ c't pour  ccu\ de I'atrl-tc thoraciquc 
bassc. 

* * +  

In dipendcnza del iii ello e del grado della lesione. la  temporane:t occlusione 
dell'aorta toracica discendente durante la resezione di aneurismi. pro\-ocare 
un danno del inidollo spinale da ischemia e talvolta paraplegia. A1 finc di pret-e- 
nire quesra complicanza. in I O  casi fu  usnta I'ipoterniia scnza A ; <  > , i n  postuinr. 
neurologico. In altri j casi con aneurisma del tratto prossimale dell'aorta discen- 
dentc le nianifestazioni di danno midollare arvenncro in 4 casi e in un cas(> 
l'esito fu  letale. In un caso l'intiero arto aortico f u  asportato e sostituito con u n a  
protcsi di Ivalon usando ipotermia e temporaneamente by-pass shunts. L'ipotermia 
non t indispensabile nella terapin chirurgica degli aneurismi addoininali e del 
tratto terminale dell'aorta toracica. 

* * +  
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